Background: Preoperative fasting is a major cause of perioperative discomfort in paediatric anaesthesia and leads to postoperative insulin resistance, thus potentially enhancing the inflammatory response to surgery. Addressing these problems by preoperative carbohydrate intake has not been a well-defined approach in children. Methods: We randomised 120 children scheduled for gastroscopy under general anaesthesia to either a control group of standard preoperative fasting or a study group receiving a carbohydrate beverage (PreOp™; Nutricia, Erlangen, Germany). Their stomach contents were aspirated endoscopically, and the volume and pH measured. Perioperative discomfort was evaluated using, among other parameters, an observational pain scale in 4-yr-olds and a VAS in >4-yr-olds. The investigators doing the endoscopies and outcome evaluations were blinded to the study group allocation. Results: Compared with fasting, carbohydrate loading was associated with significantly less gastric content (P¼0.01), fewer patients experiencing postoperative nausea (P¼0.028), with no significant difference in postoperative vomiting. High preoperative VAS scores (>5) were recorded for only one child in the carbohydrate group vs five children in the fasting group. Bowel cleansing for simultaneous colonoscopies (n¼61) made no difference to any of the intergroup findings. Conclusions: Preoperative carbohydrates can reduce nausea and gastric content, the latter being a surrogate parameter for the risk and severity of gastric aspiration into the lungs during anaesthesia. Our study adds knowledge for preoperative fasting guidelines in paediatric anaesthesia. Clinical trial registration: DRKS00005020.
Editor's key points
Preoperative fasting causes children additional stress and discomfort. Fasting also increases insulin resistance and may enhance the inflammatory response to surgery. In this randomised controlled trial, the authors studied the influence of oral carbohydrate intake 2 h before gastroscopy. Children who received a carbohydrate drink had less gastric content and less postoperative nausea than those undergoing routine fasting.
Children undergoing surgery are stressed as they are removed from their daily routine and are subjected to a number of perioperative procedures that cause anxiety and malaise. 1 One major cause of discomfort is the requirement for preoperative fasting, 2 which is accepted across the world as a precaution to minimise the risk of aspiration and regurgitation during induction of general anaesthesia. Based mainly on recommendations issued by anaesthesia societies, 3 the current guideline for preoperative fasting in paediatric surgery is 6 h for solid foods, 6 h for formula milk or cow milk, 4 h for breast milk, and 2 h for clear fluids. 4e6 The strategy of preoperative fasting accounts for a significant share of postoperative nausea and vomiting, 7 and other reactions such as postoperative pain 8 and the inflammatory response to surgery 9 may also be affected.
Preoperative oral intake of a carbohydrate fluid may decrease postoperative nausea and vomiting and reduces postoperative pain 8 and the inflammatory response to surgery. 9 Regulation of carbohydrate metabolism responds by releasing insulin at similar concentrations to those seen after a normal meal, and perioperative insulin resistance is reduced. 10 In addition, such carbohydrate loading may help to reduce thirst, hunger, and anxiety. 11 Initial promising reports using high-carbohydrate beverages in children are published, 12 but investigations where gastric content is directly measured are not available. Therefore, we designed a randomised controlled trial to assess how a commercially available carbohydrate beverage, labelled as a dietary supplement for preoperative oral administration, would affect the gastric contents and various parameters of perioperative discomfort in children subjected to general anaesthesia.
Methods

Preparation and patient enrolment
We obtained approval of the study protocol from the institutional review board (ethics committee) at the Medical University of Vienna (ref. 1622/2013), Vienna, Austria, and registered the study in the German Clinical Trial Register (DRKS00005020). Registration with the Austrian Medicines and Medical Devices Agency was not required, as the carbohydrate beverage under study (see next paragraph) is labelled as a dietary supplement. All parents and all >8-yr-olds gave their written informed consent 1 day before surgery to participate after having received comprehensive information about the nature and scope of the study, and about the procedures to be conducted.
Patient selection and study groups
We included 120 patients (2e18 yr old) from Endoscopic procedure (gastroscopy with or without colonoscopy)
A gastric endoscope (Q180 or H180; Olympus, Hamburg, Germany) was inserted through the oesophagus into the stomach and the entire gastric content aspirated to measure its volume (primary outcome parameter of the study; see below) and to analyse its pH using non-bleeding indicator strips (MColorpHast™; Merck, Darmstadt, Germany). An additional colonoscopy was performed in about half of all patients (n¼61). These patients had received a bowel cleanse (Picoprep™; Ferring Arzneimittel, Kiel, Germany) dissolved in an agedependent fashion in 50e150 ml of water 18 and 12 h before induction of anaesthesia. At the end of the examination, care was taken to evacuate all air from the gastrointestinal tract before removing the endoscope. The investigators performing the endoscopies (with gastric-content extraction) and the perioperative outcome evaluations were blinded to the (carbohydrated vs fasting) group assignment.
Outcome parameters
Volume and pH of each patient's stomach content were used and evaluated as the primary outcome parameters of this investigation. Secondary parameters included preoperative thirst and hunger, postoperative nausea and vomiting, and perioperative discomfort ratings. The latter were collected at three times: before operation, 60 min after extubation, and on the first postoperative day. In 4-yr-olds, these perioperative ratings were based on an observational pain scale (OPS) with five objective behavioural parameters (crying, facial expression, position of torso, position of legs, motor restlessness) and three assignable scores (0, none; 1, moderate; 2, severe) for each of them. 13 In >4-yr-olds, we used a VAS with 10 grades.
Thirst and hunger were evaluated before operation, and nausea and vomiting after operation, in a binary fashion (0, absent; 1, present).
Statistical analysis
As identified using G*Power software (statistical power analyses for Windows and Mac, version 3.1, Heinrich Heine University Duesseldorf, Germany), a sample size of 58 patients was required per group for two-tailed t-tests, given a noninferiority margin of 0. Results Figure 1 outlines the study design in the form of a CONSORT (CONsolidated Standards Of Reporting Trials) 2010 flow diagram. Table 1 lists the pertinent patient data and Table 2 shows a summary of the results obtained for all outcome parameters. According to our non-inferiority analysis of the primary outcome parameter (gastric content in ml), these volumes were 68% less in the carbohydrate group compared with the fasting group. We therefore went on to perform a superiority analysis of all outcome parameters, which revealed significantly smaller volumes of gastric content (P¼0.01) and significantly fewer patients experiencing postoperative nausea (P¼0.028) in the carbohydrate group than in the fasting group. No significant differences were seen for any of the other parameters. However, a detailed appraisal of perioperative discomfort did reveal preoperative VAS scores >5 for only one child in the carbohydrate group vs for five children in the fasting group. Table 3 categorises the same results listed in Table 2 by endoscopic subgroupsddefined by whether colonoscopy was used in addition to gastroscopydto find out whether the bowel cleansing with Picoprep™ conducted in preparation of the colonoscopies had any impact on the outcome parameters. Both subgroups that did receive bowel cleansing were not associated with significantly increased volumes of gastric content or any other significant differences in parameters. Throughout the study period, we observed no complications related or unrelated to the study.
Discussion
We used a number of outcome parameters in this study to evaluate, in comparison with a control group of standard preoperative fasting, the perioperative impact of 2Â5 ml kg À1 commercially available carbohydrate beverage (PreOp™), labelled as dietary supplement, administered on the evening and 2 h before induction of anaesthesia in children. Two of these parametersdvolume of gastric content and incidence of postoperative nauseadwere found to be significantly reduced compared with the fasting group. In addition, high preoperative VAS scores were reported by fewer children in the carbohydrated group than in the fasting group, which suggests that preoperative carbohydrate loading is better accepted than standard fasting.
Preoperative fasting strategies have undergone various modifications over the past few decades. 'Nothing per os' after midnight was the standard protocol for all patients until the 1990s. 14, 15 In 1987, the Canadian Anaesthetists' Society was the first body to publish recommendations for preoperative fasting. 16 Various anaesthesia societies have since formulated their own guidelines, all sharing the basic idea of solid foods being withdrawn 5e6 h, and clear liquids allowed until 1e3 h, before surgery. 4 However, total carbohydrate withdrawal leads to postoperative insulin resistance, 10 thus adding to the catabolic state, enhancing postoperative inflammation, 9 and potentially delaying recovery. 17 Oral intake of carbohydrates suggests itself as an obvious way to avert these consequences by attenuating the postoperative insulin resistance, and a welldefined approach of this type actually does exist in adults.
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There was no need in the present study to assess the effects of the carbohydrate beverage on perioperative blood glucose and insulin levels, given that these parameters are well documented in the literature. 18 Regarding blood glucose, any postoperative alterations are multifactorial, and its homeostasis may also be subject to other modifiers such as effective pain therapy or specific underlying diseases. 19 Instead, we measured and analysed, as primary outcome parameter, the volumes of stomach content extracted through the gastroscope. The volume of gastric content is an important factor in estimating the severity of aspiration from the stomach into the lungs, which is a rare but potentially life-threatening complication during induction and maintenance of anaesthesia. Given the limited incidence of these events, there is no way to investigate them in a dedicated study, but close attention should be devoted to the cases documented. It is, in fact, reasonable to assume that these events are considerably underreported in the literature. The first significant finding of our study concerned this primary outcome parameter of gastric content volumes. In the fasting control group, we observed a mean volume of 0.41 ml kg
À1
, which is consistent with the literature. 20 In the carbohydrated group, the mean value was down against the control group by roughly one-third to 0.28 ml kg À1 (P¼0.01). It follows that preoperative administration of a carbohydrate fluid will result in less gastric content and arguably has the potential of doing away with some, or indeed all, events of gastric aspiration during induction of elective anaesthesia. This reduction of gastric content is relevant during induction of anaesthesia when the airway will be secured with a tracheal tube but, more importantly, when a laryngeal or face mask is for airway management used during maintenance of anaesthesia. Our second significant finding was that preoperative application of the carbohydrate fluid resulted in fewer cases of postoperative nausea than preoperative fasting. Interestingly, both nausea subgroups within the two intervention groups included exactly the same percentage (20%) of patients affected by postoperative vomiting. Although our study was not powered to detect any significant intergroup differences in postoperative vomiting, the identity of this percentage does suggest that higher caseloads would reveal a significant difference in postoperative vomiting matching the one in nausea.
No significant differences were seen for any of the perioperative discomfort ratings. Caution should be exercised in interpreting these behavioural (OPS) and self-reported (VAS) scores, given that children of all ages have limited understanding of their disease and are usually distressed during the perioperative period. It is, however, definitely worth pointing out that we observed high preoperative VAS scores in only one child of the carbohydrated group (2%) vs in five children of the fasting group (10%). Even though this difference fell short of statistical significance, it is fair to consider >4-yr-olds as benefiting from carbohydrate loading in terms of preoperative comfort.
A possible concern regarding the use of PreOp™ in the daily clinical practice of paediatric anaesthesia could be the relatively large volumes of a preoperative beverage. Experience in adults show that up to 400 ml of PreOp™ are administered 2 h before induction of anaesthesia, 21 a dose which was not achieved in the present study.
In conclusion, the results of this study demonstrate that preoperative carbohydrate loading will reduce gastric content and postoperative nausea in paediatric anaesthesia. They support the use of preoperative carbohydrate loading, as gastric content volume is a surrogate parameter for the risk and severity of aspiration from the stomach into the lungs during induction of anaesthesia and maintenance of anaesthesia whenever the airway is managed with a laryngeal or face mask. Our data add new insights to be considered in future evidence-based guidelines for preoperative fasting in paediatric anaesthesia. Table 3 Results categorised by subgroups depending on whether the patients had received gastroscopy with or without simultaneous colonoscopy. Perioperative patient discomfort was assessed using an observational pain scale (OPS) in 4-yr-olds and a VAS in >4-yrolds. Asterisks (*) indicate significant (p<0.05) differences between the two main intervention groups; no differences were seen between the endoscopic subgroups. SD 
